Background: This study assesses long-term functional and subjective outcomes following arthroscopic assisted resection of lesions of the triangular fibrocartilage complex (TFCC). Methods: Functional and subjective outcomes were assessed based on review of patient charts for patient demographic characteristics, comprehensive clinical evaluation, obtained radiographs, and patient-reported questionnaires. Results: Fifteen patients, of whom 9 were female, and 10 dominant wrists, were included in this study. Median age was 60 (range, 37-73) years, and median duration of follow-up was 19 (range, 18-21) years. Median Mayo Wrist Score was 85 (range, 45-100). Four patients scored excellent, 7 good, 3 fair, and 1 poor result according to the Modified Mayo Wrist Score. Median Quick Disabilities of the Arm, Shoulder and Arm was 20 (range, 0-45) and Patient-Rated Wrist and Hand Evaluation was 8 (range, 0-61). Patients reported high rate for satisfaction and low rate for pain. All patients presented intact stability of the distal radioulnar joint. Conclusions: This study demonstrates persisting satisfactory subjective and functional outcomes for patients following arthroscopic assisted resection for lesions of the TFCC at 19 years of follow-up. Arthroscopically assisted resection of selected TFCC lesions seems to be both a safe and efficient procedure.
Introduction
The triangular fibrocartilage complex (TFCC) is recognized as the primary contributor to distal radioulnar joint (DRUJ) stability. 2, 4, 7, 10, 11, 27, 30, 31 In addition, the TFCC elongates the smooth joint surface from the distal radius to the ulnar side of the wrist, allowing for substantial transmission of forces over the ulnocarpal joint. Lesions of the TFCC, either acute or degenerative, commonly cause ulnar sided wrist pain and may benefit from treatment. In addition, stability of the DRUJ should be assessed, and addressed if present. 26, 34 Palmer's classification of TFCC lesions was introduced in 1989, which is based on the etiology and the anatomic location of the lesion. 28 The distinction between the acute and degenerative lesions is important, as the acute tears (type1) may be treated with a higher rate of success, 19 whereas degenerative lesions more commonly are associated with ulnar impaction syndrome (UIS). The latter draws attention toward the length of the ulna, in addition to the TFCC. 14, [19] [20] [21] The limited vascularity of the central and radial regions of the TFCC reduces the healing potential following direct repair. 24, 25, 35 Historically, these lesions were treated with different distal ulnar resection techniques and ulnar shortening osteotomies. 6 However, promising results following arthroscopic resection of these lesions lead to an establishment of this procedure as a treatment option to relieve patients' pain and discomfort. 14, 26 This study assesses long-term functional and subjective outcomes following arthroscopic assisted resection of lesions of the TFCC.
Methods
The regional ethical committee approved the study, and all patients provided informed written consent. The midterm clinical outcomes for 35 consecutive cases treated with arthroscopic assisted resection of symptomatic lesions of
1 Oslo University Hospital, Ullevål, Norway 2 Østfold Hospital Trust, Grålum, Norway the TFCC at our institution were previously published. 14 Fifteen of these patients were available for an additional long-term follow-up.
The patients returned for a long-term clinical evaluation, including a targeted wrist examination with assessment of DRUJ stability by one of the authors. Measurements of range of motion (ROM) and grip strength (Jamar hydraulic dynamometer; Patterson Medical, Warrenville, Illinois) were taken by a hand therapist. All patients completed the patient-reported questionnaires: Quick Disabilities of the Arm, Shoulder and Arm (QuickDASH) 3, 12 and PatientRated Wrist and Hand Evaluation (PRWHE). 17, 18 Functional outcome was evaluated according to the Mayo Wrist Score (MWS) and the Modified Mayo Wrist Score (MMWS). 7, 9 Pain and satisfaction was assessed using a visual analog scale (VAS), where a score of 0 for pain indicated "pain free," whereas a score of 100 for satisfaction represented "perfectly satisfied." Anteroposterior (AP) and lateral view radiographs of the wrist were obtained and reviewed for degenerative osteoarthritis (OA) and ulnar variance.
Statistics
Continuous variables are presented as median and range and categorical variables as counts and fractions, due to limited data sample without expectance of normal distribution. The Mann-Whitney U test was used to compare continuous variables, whereas the Fisher exact test was used to compare categorical variables. Longitudinal data were analyzed using Wilcoxon signed-rank test for continuous variables and Fisher exact test for categorical variables. All statistical tests were 2-sided and statistical significance level set to .05. IBM SPSS Statistics for Mac version 24.0 (IBM Inc., Chicago, Illinois) was used for the statistical analysis. 15 
Results
Comparison of patient demographic characteristics and midterm outcomes did not reveal any statistically significant differences between the patients available and unavailable for the long-term follow-up (Table 1) .
Median age at the time of surgery was 37 (range, 15-50) years and 60 (range, 37-73) years at the time of long-term follow-up for the patients available for this study. Median duration of follow-up was 19 (range, 18-21) years. Nine women and 6 men, and 10 dominant wrists were included. According to Palmer's classification, there were 11 type 1A, 2 type 1D, and 2 type 2C injuries, all arthroscopically verified. Neither patients with type 1D injuries had any bony avulsion or rupture of the distal radioulnar ligaments. We performed limited TFCC resections of these radial lesions as the stability of the DRUJ was unaffected.
The grip strength was reduced from the midterm to the long-term follow-up, however not significantly (Table 2) . Dominant wrist was affected in 5 of 9 women and 5 of 6 men (P = .256), and there was no difference in grip strength between patients with lesion in dominant compared with nondominant wrist (P = .580).
Overall, median MWS was 95 (range, 65-100) and 85 (range, 45-100) at midterm and long-term follow-ups, respectively (P = .379). Four patients scored excellent, 7 good, 3 satisfactory, and 1 poor according to the MMWS. Longitudinal comparison of the MMWS demonstrated that 9 of 15 patients improved or stayed at the same level, whereas 6 of 15 patients declined on the MMWS (Table 3) . Median scores for QuickDASH and PRWHE were 20 (range, 0-45) and 8 (range, 0-61), respectively. Patients reported a median score of 17 (range, 0-60) for pain and 94 (range, 0-100) for satisfaction on the VAS. Preoperative pain was 70 (50-100) and 10 (0-60) at the midterm followup (P = .001). Three patients reported to be free of pain, 10 patients reported to be much better, and 2 patients claimed no change compared with preoperative pain. Knowing the clinical outcome, 13 patients stated they would have redone the procedure.
Ten patients presented normal radiographs without degenerative changes or other pathology. Degenerative OA of the wrist was present in 4 patients (DRUJ [n = 2], radiocarpal joint [n = 1], and carpal [n = 1]). The patient with radiocarpal OA rated "excellent," while both patients with DRUJ OA (one present already at midterm follow-up) were asymptomatic and rated "good," while the patient with carpal OA rated "poor" on the MMWS. One patient had an asymptomatic lunate malacia, who was also present at the midterm follow-up. Median ulnar variance was 0 mm (range, −3 to +3). Overall, the ulnar variance had increased from midterm to long-term follow-up (P = .023). Five patients presented with a positive ulnar variance, ranging +1 to +3 mm. However, the clinical assessment of these 5 patients demonstrated 3 excellent, 1 good, and 1 satisfactory result according to the MMWS.
All patients presented with a stable DRUJ at follow-up. No adverse events were unveiled, but 2 patients required additional resection of the TFCC and 1 patient underwent ulnar shortening osteotomy between midterm and longterm follow-up to achieve sufficient pain relief.
Discussion
The present study demonstrates satisfactory functional and subjective outcomes following arthroscopic assisted resection for central and radial lesions of the TFCC at approximately 19 years of follow-up.
Persisting ulnar sided wrist pain following a wrist trauma is in our opinion a good indication for arthroscopic evaluation, considered by many to be the "gold standard" for assessment of the TFCC, in addition to the radiocarpal and midcarpal joints. TFCC lesion is a common cause of ulnar sided wrist pain following a distal radius fractures 14, 16, 36 in addition to other causes of ulnar sided wrist pain. 37 Treatment options for these lesions may include different conservative and operative procedures. 29 In our opinion, central and radial lesions without DRUJ instability of the TFCC may be treated with arthroscopically assisted resection of the unstable part of the disc. Yet, it should be emphasized to limit the resection, leaving at least a 2-mm peripheral rim of the TFCC, to prevent instability and disruption of the load-bearing properties of the DRUJ. 1, 26 The midterm follow-up revealed 27 of 35 patients with a good or excellent result according to the MMWS. Furthermore, 30 of 35 patients experienced pain reduction. 14 Minami et al reported the results of 16 patients following arthroscopic debridement for a central lesion, presenting excellent results in the patients with traumatic lesions (n = 11), but inferior outcome for degenerative lesions. 19 Westkaemper et al reported 21 good or excellent results in 28 patients at mean 15.4 months of follow-up. 37 The present study, with 19 years of follow-up, confirms the good longterm clinical outcomes of these studies.
Radial lesions have limited healing potential due to the poor vascularization. 4, 35 We consider arthroscopic resection to be an eligible treatment option for the radial lesions of the TFCC, provided an intact stability of the TFCC.
In an ulnar variance neutral wrist, 20% of the load is transmitted over the TFCC. 30 Removal of the TFCC reduced the ulnar sided load transmission to about 5%, while a 2.5-mm lengthening causing a positive ulnar variance altered the transmission of force on the ulnar side to more than 40%. 32 A positive ulnar variance may cause a painful pathological compression of the TFCC with progressive degenerative changes, resulting in an ulnocarpal impaction syndrome. Patients with ulnocarpal impaction syndrome commonly present with ulnar sided wrist pain of increasing intensity with the forearm in a pronated and/or ulnar deviated position. 33 The treatment of ulnocarpal impaction syndrome aims to normalize the load transmission over the wrist by decompression of the ulnocarpal joint either by resection of the TFCC/distal ulna or by performing an ulnar shortening osteotomy.
Patients with TFCC lesions associated with a positive ulnar variance may have inferior outcome compared with patients with neutral ulnar variance after arthroscopic debridement alone. 19 Hulsizer et al reported on 13 patients referred to ulnar shortening osteotomy due to persisting pain after arthroscopic resection for a central lesion of the TFCC. 13 At mean 2 years following surgery, 12 of 13 patients were pain free. This was later confirmed by Minami and Kato, reporting good clinical outcome and no nonunions in 35 patients following arthroscopic TFCC resection and ulnar shortening osteotomy of average 3 mm. 20 In a comparative study, Bernstein et al concluded that arthroscopic debridement combined with the arthroscopic wafer procedure provided similar clinical outcome as arthroscopic debridement combined with ulnar shortening osteotomy, but with a lower complication rate in the arthroscopically assisted wafer group. 5 In a newly published study presenting the outcome of 50 patients with Palmer 2C lesions, arthroscopic resection alone demonstrated to be a sufficient and reliable treatment option for the majority of the patients. 22 Nine patients had persisting ulnar sided wrist pain (mean ulnar variance, 2.5 [SD, 0.5]) after 6 months and were referred to an ulnar shortening osteotomy, concluding that central TFCC lesions can be treated initially by arthroscopic resection alone, and restrict the ulnar shortening osteotomy for patients with persisting symptoms. This confirms the findings in our study and supports our clinical practice.
Mrkonjic et al found increased DRUJ laxity in 17 out of 38 patients with distal radius fractures and arthroscopically verified TFCC lesions. 23 In addition, they had reduced grip strength and reduced functional outcome. The distal radius fracture was treated according to the surgeon's preference.
Like other available studies on this topic, it is a retrospective study on a single treatment modality without control groups or comparison with other treatment options, and should for this reason be interpreted with some caution. The study sample is limited due to low incidence of these lesions and loss of years follow-up. However, we noted no differences based on demographic characteristics and results from the midterm follow-up for patients available versus unavailable for the long-term follow-up. Thus, we consider the presented results to be representative for the clinical condition. Furthermore, change in occupation, adjustment of activity level, and increased age of the patients should be considered when interpreting the results. Grip strength was not adjusted for dominant side, right/left side, sex, or age, all factors known to affect grip strength. 8 However, presenting grip strength as the ratio of contralateral side at both time points, they act as their own control. Therefore, in our opinion, this is a reliable evaluation of the grip strength.
The present study supports the findings in the currently available literature. For central and radial lesions of the TFCC without compromised stability of the DRUJ, arthroscopically assisted resection seems to be a safe and efficient procedure, providing satisfactory subjective and functional long-term outcomes. To improve our ability to provide reliable clinical guidance and adjust patients' expectations, there is a need for further investigations to enlighten unanswered questions currently existing regarding management of TFCC lesions.
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